Abstract. Vehicle flow automatic counting is an important method to control effective traffic congestion. Many new methods have been proposed recently, but most are not considering the application condition in actual traffic control. For example, small vehicle spacing, sunlight changes, shadow, no movement and more are often disregarded. In this paper, a new video vehicle counting method is proposed. This method combines background modeling, frame difference, HSV dark shadow removing and Hough transformations to solve the above conditions. The proposed method can be transplanted to a high speed digital signal processor system. It is shown by numerical experiments that it gets high traffic flow detection accuracy and meets the real time requirement.
Introduction
With the development of computer technology and artificial intelligence technology, computer vision plays a more important role in intelligent transportation systems (ITS). Among them, traffic flow detection also has important applications in intelligent transportation systems. Modern traffic flow detection methods mainly use image processing techniques: processing images obtained from cameras installed on traffic intersections or high-buildings. This method does not affect normal traffic, is low cost and easy to maintain, but its accuracy is low. To improve the accuracy of detection, this paper designs a high-performance traffic flow detection algorithm based on image processing.
Due to the complex background, heavy traffic and many other factors, accuracy of traffic flow detection is not high. There are many new methods proposed in recent years. A background difference algorithm is proposed in [1] , which is suitable for different viewing angles and changes in light with a constantly updating background. However, the algorithm has low detection accuracy when the moving vehicle stops, because the stopped vehicle will be regarded as a part of the background. Paper [2] puts forward a detection algorithm based on changes in illumination. This algorithm will not be affected by the stopping of a vehicle, and instead utilizes the characteristics of the vehicle edge and lights under different lighting conditions to extract the information of the target vehicle. But this algorithm requires the angle between cameras and light not be too large, which often changes under external conditions, so the algorithm is not able to meet the actual requirements. The method in [3] proposes a kind of algorithm that combines background difference and edge detection, which is not suitable for traffic flow detection because of its dependency on the lane designated and vehicles often do not follow a given lane. A method combining shadow elimination with optical flow is put forward in [4] , which cannot distinguish a single car and accurately detect the number of vehicles when the traffic is heavy, especially if vehicle occlusion occurs.
In order to overcome the listed disadvantages, this paper proposes a new traffic flow detection algorithm which solves the problem of the influence on the background from changes in lighting and that the frame difference cannot detect stopped vehicles.
Proposed Method
The proposed method includes several main procedures: background difference value, shadow eliminate, Vehicle enclosing rectangular processing.
Background difference value method
In order to get the vehicle foreground target, the mixture Gaussian is used to build background model [5] . Due to illumination change, shadow etc., the background update strategy is very important to effectively capture the vehicle target.
Detect the changed region between adjacent frames with different value method [6] . Given that f (t) and f (t+1) are two adjacent frames in the video sequence, so the interframe difference image is
|. The total sum of pixel values obtained by the frame different method is significantly less than that obtained by background difference method, so this proposal uses this property to detect traffic conditions, then update the background.
Acquire information of traffic congestion by the contrast of the frame difference method and the background difference method, then decide whether to update the background or not. Given that the background difference result is f (b) , and the frame difference result is f (k) , then the judgment is as follows:
Where,   , most cars are in the stationary state. So, we can determine whether to update the background through the formula (1). It can effectively solve the mistaken updates of the background when vehicles stop moving from the numerical experiments.
Foreground Extraction
Foreground image can be extracted by calculating the gray level difference between the current frame and the model background images. Calculate the gray values of each pixel in the difference image; it can be judged as foreground part if gray value is greater than a certain threshold.
Shadow elimination
Shadow elimination algorithm which is based on HSV feature is used to improve the vehicle detection results of the system [8] . HSV color space is very close to the human perception of color, and HSV represent hue, saturation and value respectively. In addition, experiments have confirmed that it has higher accuracy than the RGB space [9] . So the goal of eliminating of the shadow influence can be achieved by studying the HSV characteristics of the shadow. Because hue and saturation information of pixels have little change at the time of cast shadows, so the shadow can be captured by the following algorithm: 
Vehicle enclosing rectangular
In order to track and count vehicles in the segmented image, the method that calculate the minimum external rectangle of the vehicle is used [10] , then the vehicles can be expressed by rectangle. Because of the lane is tilted, so the Hough transform is first used to rotate the image, then real-time location of vehicles can be calibrated by the rectangle frame. From the Figure 1 , the process of the algorithm is as follows: (a) Accumulate the video frames read by the system to calculate the time parameter. Process video frames with Hough transform to obtain tilt angle information of road; (b) Preprocess the video frames, mainly about cleaning up dark shadow of the video during the day with Shadow elimination algorithm which is based on HSV feature; (c) Obtaining background information by Gaussian background modeling method, and calculating the gray level difference between the current frame and the model background images. At the same time, process input video frames with different value method; (d) Compare the difference between the result of background difference method and frame difference method, then determine whether to update the background or not; (e) Rotate the images after the background difference to make the road in horizontal direction; (f) Adaptive threshold segmentation method is used to obtain vehicles' binary information; (g) Traverse the binary image after threshold segmentation [11, 12] . Calculate minimum external rectangle of vehicles in the image and count vehicles.
Experimental Results
On the basis of quantization and analysis of the actual test environment, this paper made an experimental comparison among the traditional background modeling method, frame difference values and the proposed method. This experiment tests the two-hour monitoring video and calculates the number of cars by using three methods respectively. Figure 2 showed the error rate obtained by comparing the traffic flow calculated and the actual result in every minute. FIGURE 2. The error rate of traffic flow calculation. Fig.2 illustrates that the accuracy of the background modeling method will decline when the number of cars change drastically. Since it is more complex and difficult to establish background model accurately when the traffic flow changes, the precision of this method declines.
With the weakening of light intensity (time change in x axis), the accuracy of frame difference values is reducing which mean that frame difference values are sensitive to light intensity, because different light intensity will change gray value between the adjacent frames.
Thus, the frame difference values method and background modeling method have certain limitation in practical applications. The proposed method combines the advantages of frame difference values and background modeling method, to integrate and make up for the inadequacy of the two methods individually. This method has stronger robustness towards the changes of traffic flow and light intensity. As can be seen from Figure 2 , the proposed method obtained highly precise results of traffic flow when light intensity was weakening in the evening and when traffic flow certainly changed.
Throughout the two hours, the precision (accuracy) of the general flow calculation is shown in As can be seen from TABLE 1, the comprehensive method proposed by this paper overcomes the deficiency of frame difference values and background modeling method, obtaining satisfactory results.
On the basis of quantitative analysis above, visual experimental results of traffic detection are given as follow. Figure 3 is the test results of traffic flow during the day and night. The big green rectangle represents the detection area, and small blue rectangle represents the test vehicles. As can be seen the 
Conclusions
In order to improve the problem of failure detection of the background modeling method when vehicles stop, a method combining background modeling with frame difference to determine the conditions of background update was proposed. Traffic detection of the selected road was realized using the Hough transform, HSV shadow elimination and adaptive threshold segmentation algorithm. Experimental results show that the proposed method achieves high traffic flow detection accuracy and exhibits robustness to different external factors. But the algorithm is more complex, so its operation time is relatively long. Overall, the algorithm will be optimized to achieve the real-time traffic detection.
